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8UEDQL]DWLRQDQGFOLPDWHFKDQJHDUHDPRQJVWWKHJUHDWHVWFKDOOHQJHVRIWKHVWFHQWXU\
,QWKH³/RZ&DUERQ)XWXUH&LWLHV´SURMHFW/&)&WKUHHLPSRUWDQWSUREOHPGLPHQVLRQV
DUH DQDO\VHG FXUUHQW DQG IXWXUH *+* HPLVVLRQV DQG WKHLU PLWLJDWLRQ XS WR 
UHVRXUFHXVHDQGPDWHULDOIORZVDQGYXOQHUDELOLW\WRFOLPDWHFKDQJH7KHLQGXVWULDOFLW\RI
:X[LKDVEHHQWKH&KLQHVHSLORWFLW\RIWKHSURMHFW7RHVWDEOLVKWKHSDWKZD\IRUDORZ
FDUERQ IXWXUH LW LV FUXFLDO WR XQGHUVWDQG WKH FXUUHQW VLWXDWLRQ DQG SRVVLEOH IXWXUH
GHYHORSPHQWV7KHSDSHUSUHVHQWVWKHNH\UHVXOWVRIWKHVWDWXVTXRDQDO\VLVDQGWKHIXWXUH
VFHQDULRDQDO\VLVFDUULHGRXWIRU:X[L7ZRVFHQDULRVDUHRXWOLQHG7KH&XUUHQW3ROLF\
6FHQDULR&36VKRZVWKHFXUUHQWPRVWOLNHO\GHYHORSPHQWLQWKHDUHDRIHQHUJ\GHPDQG
DQG*+*HPLVVLRQVXQWLO:KHUHDVWKHH[WUDORZFDUERQVFHQDULR(/&6DVVXPHV
DVLJQLILFDQWO\PRUHDPELWLRXVLPSOHPHQWDWLRQLWFRPELQHVDPDUNHWLQWURGXFWLRQRIEHVW
DYDLODEOHWHFKQRORJLHVZLWKVXEVWDQWLDOEHKDYLRXUDOFKDQJH$OOVFHQDULRVDUHFRPSRVHG
RI VXEVFHQDULRV IRU WKH VHOHFWHG NH\ VHFWRUV /RRNLQJ DW WKH SHU FDSLWD HPLVVLRQV LQ
:X[LWKHFXUUHQWOHYHOVDUHDOUHDG\KLJKDWDURXQGWRQQHV&2SHUFDSLWDFRPSDUHGWR
:HVWHUQ(XURSHDQFLWLHV$OWKRXJK:X[LKDVGHYHORSHGDORZFDUERQSODQWKHSURMHFWHG
UHVXOWVXQGHUFXUUHQWSROLFLHV&36VKRZWKDWWKHWRWDOHPLVVLRQVZRXOGLQFUHDVHWR
WRQQHV&2 SHU FDSLWD E\  ,I WKH (/&6 SDWKZD\ZDV WR EH DGRSWHG WKHVH&2
HPLVVLRQOHYHOVFRXOGEHUHGXFHGWRWRQQHVSHUFDSLWDE\+RZHYHUWKLVLVQRWD
SUREOHPXQLTXHWR:X[LRU&KLQD$FRPSUHKHQVLYHUHWKLQNDWJOREDOOHYHORQKRZWR
LQFUHDVHHQHUJ\DQGUHVRXUFHHIILFLHQF\DQGVXVWDLQDELOLW\LVUHTXLUHG
.(<:25'6
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FDUERQVFHQDULR/RZFDUERQWHFKQRORJLHV0LWLJDWLRQ
,1752'8&7,21
8UEDQL]DWLRQ DQG FOLPDWH FKDQJH DUH DPRQJVW WKH JUHDWHVW FKDOOHQJHV RI WKH VW
FHQWXU\DQGXUEDQDUHDV DUHNH\VRXUFHVRIJOREDO*+*HPLVVLRQVZLWKDQHVWLPDWHG
VKDUHRIWR>@&LWLHVDUHDOVRYHU\OLNHO\WRIDFHWKHLPSDFWVRIFOLPDWHFKDQJH
DQG QHHG WR OHDUQ WR DGDSW ,Q DGGLWLRQ VFDUFH QDWXUDO UHVRXUFHV IXUWKHU FRQVWUDLQ WKH
VFRSHIRUORQJWHUPVXVWDLQDEOHXUEDQGHYHORSPHQW
7KH/&)&SURMHFW
7KH/RZ&DUERQ)XWXUH&LWLHV/&)&SURMHFWDLPVWRRYHUFRPHGLIIHUHQWFKDOOHQJHV
LQ WKUHH GLPHQVLRQV  EHVLGHV*+* HPLVVLRQV DQG WKHLUPLWLJDWLRQ UHVRXUFH XVH DQG

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YXOQHUDELOLW\WRFOLPDWHFKDQJHDUHDOVRDQDO\VHG)RUWKHSLORWFLW\:X[L&KLQDSURMHFW
WKHUHVHDUFKSURMHFWWHDPKDVGHYHORSHGDQLQWHJUDWHGVWUDWHJ\DQGURDGPDSIRUEDODQFLQJ
ORZFDUERQGHYHORSPHQWLPSURYHGUHVRXUFHHIILFLHQF\DQGDGDSWDWLRQWRFOLPDWHFKDQJH
>@
,QLWLDOO\WKHSURMHFWIRFXVHGRQDQDQDO\VLVRIWKHVWDWXVTXRDQGFXUUHQWSROLFLHVDV
ZHOO DV H[WUDSRODWLQJ WKHPRVW OLNHO\ UHVXOWDQW GHYHORSPHQW SDWKZD\XS WR ZLWK
UHJDUGWR*+*HPLVVLRQVHQHUJ\GHPDQGFOLPDWHLPSDFWVDQGUHVRXUFHXVH>@
'XULQJWKLVLQLWLDOSKDVHLWEHFDPHDSSDUHQWWKDWLQRUGHUWRHIIHFWLYHO\WDFNOHDOOWKH
SUREOHP GLPHQVLRQV LQ WKH IXWXUH IXUWKHU HIIRUWV ZRXOG EH UHTXLUHG VXFK DV WKH
DSSOLFDWLRQ RI D VXLWDEOH DGYDQFHG WHFKQRORJ\ SRUWIROLR0RUHRYHU GHYHORSLQJ D ORZ
FDUERQIXWXUHVWUDWHJ\IRU:X[LFDOOVIRULQWHJUDWHGWRROVWKDWFDQDGGUHVVFRQVLGHUDEOH
FRPSOH[LWLHVDQGXQFHUWDLQWLHVWKDWDUHLQKHUHQWLQXUEDQV\VWHPVDQGWKHLUGHYHORSPHQW
7KHVHFRQVLGHUDWLRQVJREH\RQGWKHVKRUWDQGPHGLXPWHUPKRUL]RQRIFRPPRQXUEDQ
SODQQLQJSUDFWLFHV
7KHUHIRUH WZR ORZFDUERQ VFHQDULRVZHUHGHYHORSHG7KHVH VFHQDULRV DSSOLHG WKH
VDPHWHFKQRORJLHVDQGSROLF\PHDVXUHVEXWZLWKGLIIHUHQWOHYHOVRIPLWLJDWLRQDPELWLRQ
LQDQDWWHPSWWRLQFRUSRUDWHDQXQGHUVWDQGLQJRIORQJWHUPFKDOOHQJHVDQGORZFDUERQ
VROXWLRQV>@
7KHVHVFHQDULRDQDO\VHVKHOSWRHQDEOHSROLF\PDNHUVWRLGHQWLI\VWUDWHJLFDUHDVIRU
DFWLRQDQGSURYLGHDEDVLVIRUGHFLVLRQPDNLQJ,QFRQWUDVWWRWKH&36ZKLFKUHIOHFWVWKH
FXUUHQWSROLFLHVWKHVHWZRDOWHUQDWLYHVFHQDULRV/&76DQG(/&6UHYHDOWKHQHHGIRU
DFWLRQWRDFKLHYHFHUWDLQGHVLUDEOHWDUJHWVDQGLGHQWLI\ZLQGRZVRIRSSRUWXQLW\7KHUHE\
LWLVFUXFLDOWRHQVXUHWKDWWKHVFHQDULRVDVVXPSWLRQVDUHDGDSWHGWRORFDOFRQGLWLRQVDQG
WKH UHVXOWVFDQHIIHFWLYHO\ FRQWULEXWH WR WKHGHYHORSPHQWRI WKH LQWHJUDWHG ORZFDUERQ
VWUDWHJ\ 7KH SDSHU SUHVHQWV WKH NH\ UHVXOWV RI WKH VWDWXV TXR DQDO\VLV DQG WKH IXWXUH
VFHQDULRDQDO\VLVIRUWKHFLW\RI:X[L
%DFNJURXQGWR:X[L
:X[LLVDQLQGXVWULDOFLW\ZLWKDSRSXODWLRQRIDERXWPLOOLRQORFDWHGRQWKHVKRUHV
RI/DNH7DLKXLQWKHHDVWRI&KLQDQHDUWKHPHJDFLW\RI6KDQJKDL$VLVWKHFDVHRIPDQ\
&KLQHVHFLWLHV:X[L¶VHFRQRP\KDVLQFUHDVHGFRQVLGHUDEO\LQUHFHQW\HDUV7KHRYHUDOO
*'3 LQ  ZDV DERXW (85  ELOOLRQ ZKLFK ZDV GRXEOH WKDW RI  7KLV
UHSUHVHQWHGDQDYHUDJHDQQXDOJURZWKUDWHRI+RZHYHUWKLVJURZWKKDVJRQHKDQG
LQKDQGZLWKDVLJQLILFDQWLQFUHDVHLQQHJDWLYHHQYLURQPHQWDOHIIHFWVVXFKDVDLUSROOXWLRQ
DQG*+*HPLVVLRQV:X[LLVDOVRH[SRVHGWRFOLPDWHDQGZHDWKHUUHODWHGULVNVVXFKDV
H[WUHPHWHPSHUDWXUHVRUIORRGV7KHFLW\JRYHUQPHQWZDVDOUHDG\TXLWHDZDUHRIWKHVH
FKDOOHQJHVDQGKDGGHYHORSHGDORZFDUERQSODQ7KLVPDGH:X[LDJRRGFKRLFHIRUWKH
&KLQHVH SLORW FLW\ SURMHFW7KH OHVVRQV OHDUQHG IURP WKH SURMHFW VWXG\ FDQ EH XVHG WR
DQDO\VH WKH VLWXDWLRQV LQ RWKHU VLPLODU &KLQHVH LQGXVWULDO FLWLHV (VSHFLDOO\ DV IRUPHU
VWXGLHVRUORZFDUERQLQLWLDWLYHVIRFXVRQ&KLQD¶VPHJDFLWLHV
0(7+2'2/2*<
7KH DQDO\VLV RI WKH VWDWXV TXR DQG WUHQG DVVHVVPHQW DV ZHOO DV WKH VFHQDULR
GHYHORSPHQW IRU :X[L ZDV GLYLGHG LQWR GLIIHUHQW ZRUNLQJ DUHDV HDFK DSSO\LQJ D
GLIIHUHQWW\SHRIPHWKRGRORJ\
x (PLVVLRQ LQYHQWRU\ VWDWXV TXR DQG TXDQWLILFDWLRQ RI &2 HPLVVLRQV DQG
TXDOLWDWLYHDQDO\VLVRIQRQ&2HPLVVLRQV.\RWRJDVHVZKHUHSRVVLEOH
x .H\VHFWRULGHQWLILFDWLRQPDLQO\EDVHGRQLQYHQWRU\IXWXUHWUHQGVDQGFXUUHQW
SROLFLHV
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x 6FHQDULR DQDO\VLV LQFOXGLQJ &XUUHQW 3ROLF\ 6FHQDULR &36 /RZ &DUERQ
7HFKQRORJ\6FHQDULR/&76DQG([WUD/RZ&DUERQ6FHQDULR(/&6
)ROORZLQJDEULHIGHVFULSWLRQRIWKHPHWKRGRORJ\XVHGLQWKH*+*LQYHQWRU\DQGNH\
VHFWRUVHOHFWLRQGHWDLOVDUHJLYHQRQWKHVFHQDULRDQDO\VHVDQGWKHDVVXPSWLRQVDSSOLHG
*+*LQYHQWRU\
2YHU WKH ODVW GHFDGHV PXFK HPSKDVLV KDV EHHQ SXW RQ WKH GHYHORSPHQW DQG
LPSOHPHQWDWLRQ RI *+* PRQLWRULQJ +RZHYHU WKHVH PHWKRGV IRFXVHG SULPDULO\ RQ
QDWLRQDOLQYHQWRULHVVXFKDVLQWKHFDVHRIWKH,3&&JXLGHOLQHVWKDWZHUHDSSOLHGLQWKLV
VWXG\LQDVLPSOLILHGIRUP$OWKRXJKWKHUHLVDORWRIUHOHYDQWOLWHUDWXUHLQUHVHDUFKDV
ZHOODVSUDFWLFDOKDQGERRNVPDQXDOVDWFLW\OHYHOWKHUHLVVWLOOODFNRIVWDQGDUGL]HGDQG
JOREDOO\DSSOLHGPHWKRGVDQGODFNRIUHOLDEOHFRPSDULVRQVRI*+*LQYHQWRULHVEHWZHHQ
FLWLHV>@
,Q&KLQDVHYHUDOFLWLHVWKDWDUHDLPLQJWRGHYHORSORZFDUERQSDWKZD\VKDYHDSSOLHG
PHWKRGVIRU*+*PRQLWRULQJDQGTXDQWLILHGWKHLULPSDFWV>@EXWWKHFRPSDULVRQRI
WKHLQYHQWRU\UHVXOWVLVRQO\SRVVLEOHWRDYHU\OLPLWHGH[WHQW7KLVLVDOVRGXHLQSDUWWR
WKH GLIIHULQJ VFRSH RI HPLVVLRQV WHUULWRULDO RU VXSSO\ FKDLQ DQG FRQVXPSWLRQEDVHG
DSSURDFKHVDQGDGPLQLVWUDWLYHERXQGDULHVFRQVLGHUHGLQWKHDSSOLHGPHWKRGVZKLFKFDQ
VLJQLILFDQWO\DIIHFWWKHHPLVVLRQDFFRXQWLQJ>@,QFRQWUDVWWRFLW\ERXQGDULHVLQPDQ\
RWKHUFRXQWULHVWKHVLWXDWLRQLQ&KLQDLVGLIIHUHQWDVWKHDGPLQLVWUDWLYHFLW\ERXQGDULHV
LQFOXGHQRWRQO\WKHFLW\EXWDOVRQRQEXLOWXSDUHDVVXFKDVWKHVXUURXQGLQJDJULFXOWXUDO
DQGIRUHVWU\ODQG>@
7KH*+*HPLVVLRQV LQ WKHFLW\RI:X[LDUHFDOFXODWHGDQGDQDO\VHG LQDGHWDLOHG
*+*LQYHQWRU\7KHLQYHQWRU\KDVWKUHHPDLQREMHFWLYHV
x 7RSURYLGHDEDVLVIRUNH\VHFWRULGHQWLILFDWLRQ
x 7RSURYLGHDEDVLVIRUPHDVXULQJIXWXUH*+*UHGXFWLRQV
x 7RLGHQWLI\GDWDJDSVDQGRSWLRQVIRUGHYHORSLQJDFRPSUHKHQVLYHDQGUHJXODUO\
XSGDWHGLQYHQWRU\LQWKHIXWXUH
7KHPHWKRGRORJ\IRUQDWLRQDOLQYHQWRULHVRXWOLQHGLQWKH,3&&JXLGHOLQHVRQ
*+*LQYHQWRULHV>@ZDVIROORZHGLQDVLPSOLILHGPDQQHU7KHVWXG\IRFXVHGPDLQO\
RQ&2HPLVVLRQV2WKHU*+*VZHUHLQFOXGHGZKHQGDWDZDVDYDLODEOH7KHUHSRUWLQJ
\HDUIRU:X[L¶VHPLVVLRQVLV)RUWKHHQHUJ\VHFWRUHPLVVLRQVIURPWR
ZHUHFDOFXODWHG
)RXUPDLQVHFWRUVZHUHFRQVLGHUHGLQDFFRUGDQFHZLWKWKH,3&&JXLGHOLQHV
x (QHUJ\LQFOXGLQJDOOHQHUJ\UHODWHGHPLVVLRQVDOVRIURPLQGXVWU\
x ,QGXVWULDO3URFHVVHVDQG3URGXFW8VH,338RQO\SURFHVVUHODWHGHPLVVLRQV
x $JULFXOWXUH)RUHVWU\DQG2WKHU/DQG8VH$)2/8
x :DVWH
7KHVWXG\IRFXVHGRQ&2HPLVVLRQVRWKHU*+*VZHUHFRQVLGHUHGWRDOHVVHUH[WHQW
GHSHQGLQJRQDYDLODEOHGDWD$FFRUGLQJWRWKH,3&&WKHVRFDOOHG³WHUULWRU\SULQFLSOH´
ZDVIROORZHGPHDQLQJWKDW*+*HPLVVLRQVZHUHDOORFDWHGWRWKHWHUULWRU\ZKHUHWKH\
ZHUHHPLWWHG/LIHF\FOHHPLVVLRQVDQGPDWHULDOXVHE\VSHFLILFVHFWRUVZHUHQRWDQDO\VHG
LQWKHLQYHQWRU\EXWZHUHLQFOXGHGLQWKHZRUNRQUHVRXUFHDQGPDWHULDOXVH>@
7KHLQYHQWRU\LVODUJHO\EDVHGRQ:X[L¶VVWDWLVWLFDO\HDUERRN>@DQGGDWDSURYLGHG
E\&KLQHVH SURMHFW SDUWQHUV HVSHFLDOO\ E\ WKH UHJLRQDO SDUWQHU LQVWLWXWLRQ:X[L /RZ
&DUERQ'HYHORSPHQWDQG5HVHDUFK&HQWUH:/&&
$OWKRXJKWKHVWDWLVWLFDO\HDUERRN>@SURYLGHVH[WHQVLYHGDWDZKLFKLVH[FHSWLRQDODW
FLW\OHYHOWKHUHZDVVWLOODJDSEHWZHHQWKHGDWDDYDLODEOHDQGWKHGDWDUHTXLUHGIRUWKH
LQYHQWRU\DQGWKHSURMHFWLRQPRGHOV3DUWLFXODUO\IRUWKHLQGXVWU\VHFWRURQO\VWDWLVWLFDO
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GDWDIRU³DERYHGHVLJQHGVL]H´LQGXVWULHVZHUHDYDLODEOHZKLFKUHIHUVWRWKRVHZLWKDQ
DQQXDOSULPHRSHUDWLQJUHYHQXHH[FHHGLQJ&1<PLOOLRQ
,Q DGGLWLRQ WR WKH LQFRPSOHWHQHVV RI DYDLODEOH GDWD WKH DYDLODEOH VWDWLVWLFDO GDWD
VKRXOGEHDSSURDFKHGZLWKFDXWLRQ$VWXG\WKDWZDVXQGHUWDNHQE\DJURXSRIVFLHQWLVWV
IURP&KLQD%ULWDLQDQGWKH8QLWHG6WDWHVDQDO\VHGGLIIHUHQWVHWVRI&KLQHVHVWDWLVWLFDO
GDWD7KHFRPSDULVRQVKRZHGWKDWWKHUHDUHVLJQLILFDQWYDULDQFHVEHWZHHQWKHGDWDDQG
WKDW WKHVHYDULDQFHVFRXOGDFFRXQW IRUDGLIIHUHQFHRIXS WRELOOLRQ WRQQHVRI&2
HPLVVLRQV IRU  EHWZHHQ WKH GDWDVHWV IRU WKH VDPH DUHD > @ ZKLFK LV D
GLIIHUHQFH RI  LQ HVWLPDWHV RI &2 HPLVVLRQV IURP &KLQD ZKHQ XVLQJ WKHVH WZR
GLIIHUHQWGDWDVHWV
0RGHOOLQJDQGVFHQDULRDQDO\VLV
6FHQDULRDQDO\VLVZKLFKKDVEHHQZLGHO\DSSOLHGLQVXVWDLQDELOLW\UHVHDUFKRYHUWKH
ODVWGHFDGHLVDWRROWKDWZDVXVHGWRH[SORUHGLIIHUHQWSDWKZD\VIRUIXWXUHGHYHORSPHQWV
LQ:X[LDQGWKHDVVRFLDWHGHQHUJ\GHPDQGDQG&2HPLVVLRQV
,QRUGHUWRDGGUHVVWKHORFDOFRQGLWLRQVLQWKHVFHQDULRDVVXPSWLRQDQGWRHQVXUHWKDW
WKH UHVXOWV FDQ FRQWULEXWH WR D ORZ FDUERQ VWUDWHJ\RI:X[L WKH TXDQWLWDWLYH VFHQDULR
PRGHOOLQJZDVLQWHJUDWHGZLWKDTXDOLWDWLYHDSSURDFK
,QWKLVSURMHFWWKUHHVFHQDULRVZHUHGHYHORSHGKRZHYHUIRUWKHSUHVHQWDWLRQRIUHVXOWV
LQWKLVSDUWLFXODUDUWLFOHRQO\WZRKDYHEHHQVHOHFWHG
x 7KH&XUUHQW3ROLF\6FHQDULR&36ZDVGHYHORSHGEDVHGRQWKHDVVXPSWLRQWKDW
o 1RDGGLWLRQDOSROLFLHVRUWDUJHWVZLOOEHDGRSWHGEH\RQGWKHH[LVWLQJSROLF\
IUDPHZRUNRI:X[LLHDUHGXFWLRQLQ&2LQWHQVLW\RI*'3E\
FRPSDUHG WR WKH  OHYHO LQ DFFRUGDQFH ZLWK :X[L /RZ &DUERQ &LW\
'HYHORSPHQW3ODQ
o $UHGXFWLRQLQ&2LQWHQVLW\RIDQGE\DQG
UHVSHFWLYHO\FRPSDUHGWRWKHOHYHOUHIHUULQJWRWKHEDVHOLQHVFHQDULRLQ
>@
x 7KH([WUD/RZ&DUERQ6FHQDULR(/&6DVVXPHVDVLJQLILFDQWO\PRUHDPELWLRXV
LPSOHPHQWDWLRQ RI ORZ FDUERQ VWUDWHJLHV DQG HQHUJ\ HIILFLHQW WHFKQRORJLHV
LQFOXGLQJ³KLJKKDQJLQJIUXLWV´LHWKRVHWKDWDUHPRUHHIIHFWLYHEXWFRVWO\
7RFUHDWHWKHVFHQDULRVDTXDQWLWDWLYHHQHUJ\DQG*+*HPLVVLRQVLPXODWLRQPRGHO
ZDVXVHG7KHPRGHOOLQJDSSURDFKFDQEHGHVFULEHGDVDPRGHOIUDPHZRUNFRQVLVWLQJRI
RQHFRUHPRGHODQG ILYH VXEPRGHOV7KHFRUHPRGHO LV DQHQHUJ\V\VWHPVLPXODWLRQ
PRGHODQGKDVEHHQGHYHORSHGE\WKH:XSSHUWDO,QVWLWXWH:,7KHPRGHO¶VGDWDEDVHLV
OLQNHG WR WKH VXEPRGHOV RI LQGXVWU\ FRPPHUFH KRXVHKROGV WUDQVSRUW DQG HQHUJ\
VXSSO\7KH\KDYHEHHQGHYHORSHGDVGLVDJJUHJDWHGWHFKQRORJ\EDVHGVLPXODWLRQPRGHOV
WRDFFRXQW IRU WKHXVHRI/RZ&DUERQ /& WHFKQRORJLHV7KHPRGHOOLQJDSSURDFK LV
WKHUHIRUHEDVLFDOO\ERWWRPXSZLWKRXWH[SOLFLWHFRQRPLFRSWLPL]DWLRQ,QWKH&36GDWD
RQ LQGXVWU\ HQHUJ\ XVH DQG HFRQRPLF DFWLYLW\ ZDV SURYLGHG E\ DQ HFRQRPHWULF
SURMHFWLRQ ZKHUHDV WKH PRGHOOLQJ LQ WKH (/&6 LV PXFK PRUH GLIIHUHQWLDWHG
3URFHVVVKDUS PRGHOOLQJ RI HQHUJ\LQWHQVLYH SURFHVVHV DOORZV IRU WKH HYDOXDWLRQ RI
LQGLYLGXDOWHFKQRORJLHVZKLFKLVKLJKO\UHOHYDQWIRUGHULYLQJVWUDWHJLFDSSURDFKHVLQWKH
URDGPDS7KHHIIHFWLYHSURGXFWLRQFDSDFLW\DQGWKHDJHRIWKHPDQXIDFWXULQJSODQWVLQ
:X[L&LW\ZHUHHYDOXDWHGLQGHWDLO
7KHVDPHDVVXPSWLRQVDERXWWKHJHQHUDOVRFLRHFRQRPLFWUHQGVZHUHXVHGIRUDOOWKH
VFHQDULRVWKHVHDVVXPSWLRQVFDQEHFKDUDFWHULVHGE\VORZHU\HWVWLOOVLJQLILFDQWHFRQRPLF
JURZWKDQGDVKLIW WRZDUGVPRUHVHUYLFHRULHQWHGSURGXFWVVHH7DEOH7KHVSHFLILF
DVVXPSWLRQVZHUHGHYHORSHGEDVHGRQWKH&KLQDVFHQDULRGHYHORSHGE\WKH(QHUJ\
5HVHDUFK,QVWLWXWH>@,QRUGHUWRDGDSWWKHQDWLRQZLGHDVVXPSWLRQVWR:X[L¶VVLWXDWLRQ
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WKHPRGHOOHU WHDPFRQVXOWHG ORFDOVWDNHKROGHUVDQGH[SHUWVDERXWZKHWKHUFHUWDLQ ORZ
FDUERQWHFKQRORJLHVZHUHWDLORUHGWRORFDOFRQGLWLRQVDQGWKHUHIRUHDSSOLFDEOHLQ:X[L

7DEOH6RFLRHFRQRPLFIUDPHZRUN


8QLW      >@
JURZWKSD
3HUPDQHQW
SRSXODWLRQ
      
*'3 0LOO50%      
3ULPDU\VHFWRU 0LOO50%      
6HFRQGDU\VHFWRU 0LOO50%      
7HUWLDU\VHFWRU 0LOO50%      
3URGXFWLYLW\

50%
ZRUNIRUFH
     
6RXUFH:X[L6WDWLVWLFDO<HDUERRNSURMHFWLRQVGHULYHGE\&KLQD(QYLURQPHQWDO5HVHDUFK&(5IURP
-LDQJHWDO>@

7KHDVVXPHGTXDQWLW\RILQGXVWULDOSURGXFWLRQHPSKDVL]HV:X[L
VLPSRUWDQFHDVDQ
LQGXVWULDO FHQWUH IRU HQHUJ\LQWHQVLYH SURGXFWV :KHUHDV :X[L¶V VKDUH LQ &KLQD¶V
SRSXODWLRQLVRQO\WRGD\RI&KLQD¶VFUXGHVWHHOSURGXFWLRQLVFRQFHQWUDWHGLQ
WKH:X[L UHJLRQ ,Q WKH VFHQDULRV:X[L GRHV QRW ORVW LWV UROH DV D FHQWUH RI HQHUJ\
LQWHQVLYHSURGXFWLRQ7KHSK\VLFDOSURGXFWLRQRIHQHUJ\LQWHQVLYHSURGXFWVVXFKDVVWHHO
FHPHQWDQGIHUWLOL]HUVDVZHOODVSDSHUDQGFDXVWLFVRGDRUFKORULQHUHPDLQVVWDEOHVHH
7DEOH$VWKHRYHUDOOOHYHOVRIVWHHOFHPHQWDQGIHUWLOL]HUSURGXFWLRQLQ&KLQDLQ
DUHDVVXPHGWREHORZHUWKDQWRGD\:X[L¶VVKDUHRI&KLQD¶VSURGXFWLRQZLOOLQFUHDVH
7KHSURGXFWLRQRISDSHUDQGFDXVWLFVRGDKRZHYHUZLOOLQFUHDVHLQ&KLQDUHVXOWLQJLQD
ORZHUVKDUHIRU:X[L

7DEOH:X[L
VVKDUHRIHQHUJ\LQWHQVLYHVHFWRUVLQ&KLQDDQGLQSK\VLFDOXQLWVDQG
LQWKH&XUUHQW3ROLF\6FHQDULR&369DULDQW*'30HGLXP

     
2XWSXW>POQW@ &KLQD :X[L 6KDUH:X[L>@
6WHHO      
&HPHQW      
&DXVWLFVRGD      
3DSHU      
)HUWLOL]HU      
3RSXODWLRQ>POQ@      
6RXUFH:X[L6WDWLVWLFDO<HDUERRN&(5:X[L-LDQJHWDO>@

7DEOHVKRZVWKHDVVXPSWLRQVDERXWNH\WHFKQRORJLHVGHSOR\HGLQWKHNH\VHFWRUVLQ
WKH&36DQG(/&67KHVHWHFKQRORJLHVZHUHLGHQWLILHGEDVHGRQWKH³7HFKQRORJ\0DWUL[
IRU*HUPDQ\´GHYHORSHGE\WKH:XSSHUWDO,QVWLWXWH>@EDVHGRQOLWHUDWXUHUHVHDUFK
DQGLQFRQVXOWDWLRQZLWKORFDOH[SHUWVIURPFLW\SODQQLQJDQGHQWHUSULVHVLQ:X[LWDNLQJ
LQWRDFFRXQW:X[L¶VFOLPDWLFDQGLQGXVWULDOFRQWH[W
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7DEOH$VVXPSWLRQVIRUNH\WHFKQRORJLHVDSSOLHGLQNH\VHFWRUVLQWKH&XUUHQW3ROLF\6FHQDULR
&36DQGWKH([WUD/RZ&DUERQ6FHQDULR(/&6

.H\VHFWRUV &36 (/&6
,QGXVWU\ 'HFUHDVLQJHQHUJ\LQWHQVLW\
DFFRUGLQJWRJOREDO&2
LQWHQVLW\WDUJHWVYHU\
PRGHUDWHIXHOVKLIW
1HZLQYHVWPHQWVDQGUHSODFHPHQWRIROGSURGXFWLRQ
VWRFNZLOOEHHTXLSSHGZLWK%HVW$YDLODEOH7HFKQRORJLHV
%$7IURPRQZDUGV
1RVXEVWDQWLDOHQHUJ\HIILFLHQF\LPSURYHPHQWZLOOEH
UHDFKHGLQWKHVKRUWDQGPHGLXPWHUPLQVWHHODQG
FHPHQWLQGXVWU\
7HFKQRORJ\LPSURYHPHQWRIVWHHOSURGXFWLRQGLUHFW
UHGXFWLRQRILURQYLDK\GURJHQIURP&DUERQ
&DSWXUHDQG6WRUDJH&&6FRQQHFWLQJWRSJDVUHF\FOLQJ
IURPVPHOWUHGXFWLRQSURFHVVZLWK&&6
&HPHQWLQGXVWU\FHPHQWGHPDQGZLOOGHFOLQHIURP

&KHPLFDOLQGXVWU\DVKLIWIURPFRDOWRQDWXUDOJDVLQWKH
IHHGVWRFNDPPRQLDSURGXFWLRQZLOOEHSKDVHGRXWIURP

3RZHU+HDW
*HQHUDWLRQ
([SDQVLRQRIFRPELQHGKHDW
DQGSRZHUSODQWV&+3DV
QDWXUDOJDVILUHGSODQWV
DFFRUGLQJWRLQGXVWU\¶V
WKHUPRSRZHUGHPDQG
2WKHUQHZSRZHUSODQWVDUH
PRGHOOHGDVFRQYHQWLRQDO
FRDOSRZHUSODQWV
XOWUDVXSHUFULWLFDOERLOHUV

([SDQVLRQRIFRPELQHGKHDWDQGSRZHUSODQWV&+3DV
QDWXUDOJDVILUHGSODQWVDFFRUGLQJWRLQGXVWU\¶VWKHUPR
SRZHUGHPDQG
1RIXUWKHUFRDOILUHGSRZHUSODQWVZLOOEHFRQVWUXFWHG
,QFUHDVHGLQVWDOODWLRQRI&+3&+&3DQGQDWXUDOJDV
SRZHUSODQWV
7KHVKDUHRIUHQHZDEOHHQHUJLHVZLOOLQFUHDVHXSWR
*:KLQE\H[SORLWLQJOLPLWHGORFDOSRWHQWLDO
ELRJDVIURPPXQLFLSDOZDVWHDQGIURPDJULFXOWXUDO
UHVLGXHV0:ZLQGLQVWDOOHGE\0:
39LQVWDOOHGE\DQGLPSRUWLQJUHQHZDEOHHQHUJ\
HOHFWULFLW\LQDGGLWLRQWRORFDOSURGXFWLRQ

%XLOGLQJV
UHVLGHQWLDO
DQG
FRPPHUFLDO
+HDWLQJDQGFRROLQJ
DSSOLDQFHVDUHUHSODFHGLQ
WKHROGEXLOGLQJVWRFN
5HIXUELVKPHQWRIWKH
EXLOGLQJHQYHORSHLVQRW
FRQVLGHUHG
0RGHUDWHHQHUJ\HIILFLHQF\
JDLQVWKURXJKPRUHHIILFLHQW
KRXVHKROGDSSOLDQFHV
+LJKO\HQHUJ\HIILFLHQWDSSOLDQFHVZLOOEHSXUFKDVHG
IURP
,QHIILFLHQWDLUFRQGLWLRQHUVZLOOEHUHSODFHG
,QFUHDVLQJWKHVKDUHRIXOWUDORZHQHUJ\DQGSOXVHQHUJ\
UHVLGHQWLDOEXLOGLQJVIURPZLOOUHDFKRI
UHVSHFWLYHQHZFRQVWUXFWLRQVLQ
7UDQVSRUW ([SDQVLRQRIWKHVXEZD\
QHWZRUNDFFRUGLQJWRORFDO
SODQV
0RGHUDWHVDWXUDWLRQUDWHRI
FDUVSHU
KRXVHKROGVLVUHDFKHGLQ

5DSLGJURZWKRIIUHLJKW
WUDQVSRUW
6WURQJHUPDUNHWGLIIXVLRQRIHOHFWULFYHKLFOHV
PDUNHWVKDUHRIQHZFDUVLQFRPSDUHGWR&36
$OORWKHUDVVXPSWLRQVHTXDOWR&36
6RXUFH:XSSHUWDO,QVWLWXWHEDVHGRQ>@DQGH[SHUWLVHRIORFDOJRYHUQPHQWDQGHQWHUSULVHVJDLQHG
LQLQWHUYLHZVDQGRQOLQHVXUYH\

7DEOH  VKRZV IURP ZKLFK \HDU RQ ORZ FDUERQ WHFKQRORJLHV SKDVH LQ :X[L¶V
HFRQRP\ DQG KRXVHKROGV LQ WKH (/&6 7KH WHFKQRORJ\PDWUL[ SURYLGHG LQIRUPDWLRQ
DERXWWKHDYDLODELOLW\RIWHFKQRORJLHVRQWKHWLPHOLQH0RGHOOLQJVKRZVQHFHVVDU\QHZ
LQYHVWPHQWVLQWKHUHVSHFWLYH\HDUV6RWKHVFRSHRIORZFDUERQWHFKQRORJ\SKDVHLQFDQ
EHGHWHUPLQHG
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6FHQDULRDVVXPSWLRQVDQGUHVXOWVZHUHGUDIWHGE\WKHPRGHOOLQJWHDPEDVHGRQSULRU
ZRUNDQGOLWHUDWXUHUHYLHZDQGGLVFXVVHGZLWKORFDOVWDNHKROGHUVLQWKHFRQWH[WRIVHYHUDO
H[SHUWDQGVWDNHKROGHUZRUNVKRSV7KHDVVXPSWLRQVIRUNH\WHFKQRORJLHVZHUHJLYHQWR
ORFDO WHFKQRORJ\ H[SHUWV ZKR FRPPHQWHG RQ WKH UHOHYDQFH DQG DSSOLFDELOLW\ RI WKH
WHFKQRORJLHVLQ:X[L
7KH(/&6FDQWKXVEHFKDUDFWHUL]HGDVDQH[SORUDWLYHVFHQDULRUDWKHUWKDQDWDUJHW
RULHQWDWHG VFHQDULR ,W LV WR VKRZ ZKLFK GHJUHH RI PLWLJDWLRQ FDQ EH DFKLHYHG ZLWK
WHFKQLFDOPHDVXUHVWDNLQJLQWRDFFRXQW WKHVRFLRHFRQRPLFIUDPHZRUNDQGLQYHVWPHQW
F\FOHV
*+*,19(1725<5(68/76	.(<6(&7256
*+*LQYHQWRU\UHVXOWV
2IJUHDWHVWVLJQLILFDQFHIRU:X[LDUHHQHUJ\UHODWHGHPLVVLRQVZKLFKUHVXOWLQWKH
PRVWSDUWIURPWKHFRPEXVWLRQRIUDZFRDODQGRQO\WRDOLPLWHGH[WHQGIURPRWKHUIRVVLO
IXHOVVXFKDVGLHVHO7KHHPLVVLRQVPDLQO\VWHPIURPWKUHHGLIIHUHQWVHFWRUVWKHHQHUJ\
LQGXVWU\$WKHLQGXVWU\VHFWRU$DQGWKHWUDQVSRUWVHFWRU$VHH)LJXUH
DQGDUHUHODWHGWRWKHKLJKGHPDQGIRUHQHUJ\LQ:X[L


)LJXUH7RWDO&2HPLVVLRQVRI6HFWRU$(QHUJ\$$GLYLGHGLQWRVXEVHFWRUVLQPOQ
W&2VHHDOVR7DEOHIRUGHWDLOHGQXPEHUV

(OHFWULFLW\DQGKHDWSURGXFWLRQDUHWKHPDLQVRXUFHVRIHPLVVLRQVUHSUHVHQWLQJPRUH
WKDQKDOIRIWKHFXUUHQW&2HPLVVLRQVDWDOHYHORIDOPRVWPLOOLRQWRQQHVLQVHH
7DEOHDQG)LJXUH,QWKHPDQXIDFWXULQJLQGXVWULHVHQHUJ\LQWHQVLYHILHOGVVXFKDVWKH
LURQDQGVWHHOLQGXVWU\DQGWKHFKHPLFDOLQGXVWU\FXUUHQWO\SURGXFHDKLJKVKDUHRIWKH
WRWDO&2HPLVVLRQVEXWRWKHUVHFWRUVDOVRSURGXFHFRQVLGHUDEOHOHYHOVRI&2
:X[L KDV VHYHUDO LQGXVWULHV ZLWK SRWHQWLDOO\ KLJK SURFHVVUHODWHG HPLVVLRQV
$OWKRXJKWKHRULJLQDOLQWHQWLRQRIWKHSURMHFWZDVWRDQDO\VHDQGLQFRUSRUDWHDOO³.\RWR´
*+*VWKHUHZDVLQVXIILFLHQWGDWDIRUWKHVHWREHFDOFXODWHGFRPSUHKHQVLYHO\7KHUHIRUH
IRUQRQ&2HPLVVLRQVDQGQRQHQHUJ\UHODWHG&2HPLVVLRQVTXDOLWDWLYHDVVXPSWLRQVRU
SURFHVVGHVFULSWLRQVKDYHEHHQJLYHQ7KHWRWDOHPLVVLRQVDVFXUUHQWO\UHSRUWHGDUHKLJKHU
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WKDQWKHUHVXOWVSUHVHQWHGLQWKHLQYHQWRU\>@)RUDJULFXOWXUHRQO\ILJXUHVIRUFHUWDLQ
VXEVHFWRUVZHUHFDOFXODWHG)XUWKHUPRUHLWZDVQRWSRVVLEOHWRSURGXFHILJXUHVIRUWKH
ZDVWHVHFWRUDOORIZKLFKPHDQVWKDWWKHUHLVWKHSRWHQWLDOIRUVLJQLILFDQWLPSURYHPHQWV
WREHPDGHLQIXWXUHLQYHQWRU\ZRUN

7DEOH5HOHYDQFHRISURSRVHGNH\VHFWRUVGDWDDYDLODELOLW\DQGLPSURYHPHQWSRWHQWLDORI
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([SODQDWLRQRIFDWHJRULHV5HOHYDQFH+LJKNH\VHFWRU0LGGOHSRVVLEOHNH\VHFWRUKLJK
SRWHQWLDOVXIILFLHQWGDWDDYDLODELOLW\GDWDDYDLODEOHEXWQRWVXIILFLHQWQRGDWDDYDLODEOH³,(´
LQFOXGHGHOVHZKHUH³1(´QRWHVWLPDWHG³1(1'´QRWHVWLPDWHGGXHWRXQDYDLODEOHGDWDIDFWRUV
VRIDURQO\&+	12FDOFXODWHGIRUWRWDOFRQVXPSWLRQIRULQIRUPDWLRQRQO\LQFOXGHGLQ
HOHFWULFLW\SURGXFWLRQ,338 ,QGXVWULDO3URFHVVHVDQG3URGXFW8VH$)2/8 $JULFXOWXUH)RUHVWU\
DQG2WKHU/DQGXVH
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,QWKHQDWLRQDOJRYHUQPHQWKDGDVNHGSURYLQFLDOJRYHUQPHQWVWRXUJHWKHLUFLWLHV
WRGHYHORSHPLVVLRQLQYHQWRULHV>@$QGLQWKH&KLQHVHFHQWUDOJRYHUQPHQW
LVVXHG *XLGHOLQHV RQ 3URYLQFLDO*UHHQKRXVH*DV (PLVVLRQ ,QYHQWRU\ 7ULDO ZKLFK
QRZVHUYHVDVDEDVLVIRUGHYHORSLQJFLW\LQYHQWRULHV>@7KHVHJXLGHOLQHVDUHEDVHGRQ
ERWKWKH,3&&*XLGHOLQHVZKLFKZHUHXVHGLQWKLVVWXG\DQGRQH[SHULHQFHVRILQYHQWRU\
GHYHORSPHQW LQ &KLQD LQ  >@ $SSURDFKHV WR FLW\ VSHFLILF LQYHQWRU\
PHWKRGRORJLHVDOVRVXLWDEOHIRUHPHUJLQJDQGGHYHORSLQJFRXQWULHVKDYHUHFHQWO\EHHQ
GHYHORSHGHJE\:5,>@0RUHRYHUWKH:RUOG5HVRXUFHV,QVWLWXWHWRJHWKHUZLWK
VHYHUDO RWKHU RUJDQL]DWLRQV GHYHORSHG WKH*+*$FFRXQWLQJ 7RRO IRU &KLQHVH&LWLHV
SLORWWRH[SORUHPHWKRGVRIPHDVXULQJ*+*HPLVVLRQVLQ&KLQHVHFLWLHV7KHWRRO
WDNHV WKH DGPLQLVWUDWLYH ERXQGDU\ RI &KLQHVH FLWLHV DV WKH DFFRXQWLQJ ERXQGDU\ DQG
FRPELQHVDWRSGRZQDQGERWWRPXSGDWDFROOHFWLRQDSSURDFKWRDGGUHVVWKHVLJQLILFDQW
GDWDJDS>@:X[LLVLQWHQGLQJWRKDYHDUHJXODUPRQLWRULQJV\VWHPZKLFKLVFXUUHQWO\
EHLQJGHYHORSHG
.H\VHFWRUVLGHQWLILHG
7KHPRVWUHOHYDQWNH\VHFWRUVIURPWKHSHUVSHFWLYHRIFXUUHQW*+*HPLVVLRQVZHUH
LGHQWLILHG WDNLQJ LQWR DFFRXQW WKHLU UHOHYDQFH IRU UHJLRQDO SROLFLHV YXOQHUDELOLW\ WR
FOLPDWH FKDQJH DQG SDVW DQG IXWXUH WUHQGV 7KH UHOHYDQFH RI WKH VHOHFWHG HPLVVLRQ
VHFWRUVWKHLUFXUUHQW&2&+DQG12HPLVVLRQVDVZHOODVWKHTXDOLW\RIDYDLODEOHGDWD
DQGFDOFXODWLRQPHWKRGRORJ\DUHSUHVHQWHGLQ7DEOH
,Q DGGLWLRQ WR WKH GRPLQDQW SRZHU DQG KHDW VHFWRUV PRVW RI WKH NH\ VHFWRUV DUH
LQGXVWU\ VHFWRUV VXFK DV WKH LURQ DQG VWHHO LQGXVWU\ FKHPLFDO LQGXVWU\ QRQPHWDOOLF
PLQHUDOV FHPHQW DV ZHOO DV HOHFWULFDO HTXLSPHQW DQGPDFKLQHU\ PDQXIDFWXULQJ ,Q
DGGLWLRQWKHFRQVWUXFWLRQVHFWRULVUHOHYDQWGXHWRLWVKLJKPDWHULDOUHVRXUFHXVHDQGWKH
LQFUHDVLQJGHPDQGIRUHOHFWULFLW\IRUFRROLQJDQGKHDWLQJSXUSRVHVHVSHFLDOO\ZKHUHWKH
GHVLJQDQGFRQVWUXFWLRQRIEXLOGLQJVLQKLELWVWKHHIILFLHQWXVHRIHQHUJ\IORZV7KHODWWHU
LVDOVRUHOHYDQWWRDGDSWDWLRQQHHGVGXHWRDQLQFUHDVHLQERWKWHPSHUDWXUHVDQGOLYLQJ
VWDQGDUGV/LQNHGWRWKLVLVWKHHYHUJURZLQJUHTXLUHPHQWIRUHOHFWULFLW\LQWKHUHVLGHQWLDO
VHFWRUDQGLQWKHFRPPHUFLDOVHUYLFHVHFWRUZKLFKDUHDOVRUHJDUGHGDVWZRUHOHYDQWNH\
VHFWRUV5RDGWUDQVSRUWLVDVZHOOFRQVLGHUHGDVNH\VHFWRUGXHWRWKHUHPDUNDEOHLQFUHDVH
LQ QXPEHU RI YHKLFOHV LWV UHODWHG HPLVVLRQV DQG DLU SROOXWLRQ DQG WKH IXWXUH
LQIUDVWUXFWXUDOFKDOOHQJHV
6&(1$5,25(68/76
(QHUJ\FRQVXPSWLRQDQGWRWDOHPLVVLRQVLQWKH&XUUHQW3ROLF\6FHQDULR&36DQG
WKH([WUD/RZ&DUERQ6FHQDULR(/&6
)LJXUH  LOOXVWUDWHV WKH GHYHORSPHQW RI :X[L¶V SULPDU\ HQHUJ\ FRQVXPSWLRQ E\
HQHUJ\VRXUFHLQWKHWZRVFHQDULRV7KHPRVWVWULNLQJIHDWXUHRIWKH(/&6LQFRPSDULVRQ
WRWKH&36LVWKHUHGXFWLRQLQFRDOFRQVXPSWLRQFRPSDUHGWRWRGD\¶VOHYHODQ
UHGXFWLRQLVDFKLHYHGVROHO\LQWKH\HDUVDIWHU7KHPRVWSURPLQHQWUHDVRQLVWKDWWKH
H[LVWLQJFRDOSRZHUSODQWVJUDGXDOO\FHDVHSURGXFWLRQDQGDUHQRWUHSODFHGE\QHZFRDOLQ
WKH(/&67KHUHPDLQLQJFRDOXVHLQWKHLQGXVWU\VHFWRULQWKH(/&6LQLVSDUWO\GXH
WR WKH SURGXFWLRQ RI VWHHO ZLWK FRDO LQ FRPELQDWLRQZLWK FDUERQ FDSWXUH DQG VWRUDJH
&&67KH ODUJHSURSRUWLRQRIQDWXUDOJDV LVGXH WR LWV UROHDVDEULGJH WR UHQHZDEOH
HOHFWULFLW\SURGXFWLRQDQGWKHORFDOGHPDQGRIWKHUPRSRZHUZKLFKFDQQRWEHSURYLGHG
E\OLPLWHGELRPDVVUHVRXUFHV
)LJXUHFRPSDUHVWKHILQDOHQHUJ\GHPDQGLQWKHWZRVFHQDULRV7KHUHE\WKHGHPDQG
IRUHQHUJ\RIDOOVHFWRUVLVLOOXVWUDWHGLHGLUHFWGHPDQGIRUIRVVLOIXHOVHJLQWKHKHDY\
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LQGXVWU\RUWUDQVSRUWVHFWRUDQGWKHGHPDQGIRUWKHUPRSRZHUK\GURJHQDQGHOHFWULFLW\
$FFRUGLQJWRWKHGHILQLWLRQVRIHQHUJ\VWDWLVWLFVGHULYHGHQHUJ\FDUULHUVOLNHK\GURJHQ
WKHUPRSRZHUDQGHOHFWULFLW\DUHQRWFODVVLILHGDVUHQHZDEOHKHUHDOWKRXJKWKH\FDQEH
SURGXFHGIURPUHQHZDEOHVRXUFHV7KHDFWXDOVKDUHRIUHQHZDEOHVFDQEHVHHQLQ)LJXUH
)LQDOHQHUJ\GHPDQGLVSURMHFWHGWRLQFUHDVHFRQVLVWHQWO\LQERWKVFHQDULRVXQWLO
2QO\IURPRQZDUGVGRHVWKH(/&6VKRZDUHGXFWLRQRIILQDOHQHUJ\GHPDQG7KH
HYHUJURZLQJ VKDUHRI HOHFWULFLW\ LV FDXVHGPDLQO\ E\ WKH UDSLG JURZWKRI WKH VHUYLFH
VHFWRUDQGQHZLQGXVWULHVLQ:X[LVXFKDVPDFKLQHU\FRQVWUXFWLRQZKLFKFRQVXPHOHVV
KHDWEXWDUHKHDYLO\UHOLDQWRQHOHFWULFLW\+HDWGHPDQGLQLQGXVWU\LVWRDODUJHGHJUHH
SURYLGHGE\&RPELQHG+HDWDQG3RZHUSODQWV&+3WKDWDUHFXUUHQWO\ILUHGE\FRDOEXW
ZLOOEHUHSODFHGLQWKHVFHQDULRVE\JDVILUHGXQLWV7KHXVHRIK\GURJHQDVDQHZHQHUJ\
FDUULHULQLVOLPLWHGWRVWHHOSURGXFWLRQLQWKH(/&6ZKHUHLWVHUYHVDVDUHGXFLQJ
DJHQWLQWKHGLUHFWUHGXFWLRQRILURQRUH



)LJXUH&RPSDULVRQRISULPDU\HQHUJ\FRQVXPSWLRQLQWKH&XUUHQW3ROLF\6FHQDULR&36DQG
WKH([WUD/RZ&DUERQ6FHQDULR(/&6



)LJXUH&RPSDULVRQRIILQDOHQHUJ\XVHLQWKH&XUUHQW3ROLF\6FHQDULR&36DQGWKH([WUD/RZ
&DUERQ6FHQDULR(/&6
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)LJXUHVKRZV&2HPLVVLRQWUHQGVLQFOXGLQJGLUHFWDQGLQGLUHFWHPLVVLRQVLQWKH
WZRVFHQDULRVVWDUWWRGHYLDWHFRQVLGHUDEO\DIWHUEHFDXVHWKHJHQHUDODVVXPSWLRQ
EHIRUHZDVEDVHGRQWKHH[LVWLQJSROLF\IUDPHZRUNDGRSWHGE\:X[LJRYHUQPHQW
&2 HPLVVLRQV LQ WKH (/&6ZLOO EH VLJQLILFDQWO\ ORZHU WKDQ LQ WKH &36 GXH WR WKH
HPSOR\PHQW RI %HVW $YDLODEOH 7HFKQRORJLHV %$7 D IXHO VKLIW WRZDUGV JDV DQG
UHQHZDEOHHOHFWULFLW\DVZHOODVKLJKO\HIIHFWLYHPLWLJDWLRQPHDVXUHVLQDOONH\VHFWRUV,Q
&2HPLVVLRQVLQWKH(/&6ZLOOEHPLOOLRQWRQQHVHTXLYDOHQWWRDTXDUWHURI
WKDWLQWKH&36PLOOLRQWRQQHVDQGDUHGXFWLRQRIFRPSDUHGWR



)LJXUH&RPSDULVRQRIGLUHFWDQGLQGLUHFW&2HPLVVLRQVRIVHFWRUVLQFOXGLQJLQGLUHFW&2
HPLVVLRQVDOORFDWHGWRWKHUPRSRZHUKHDWDQGHOHFWULFLW\LQWKH&XUUHQW3ROLF\6FHQDULR&36
DQGWKH([WUD/RZ&DUERQ6FHQDULR(/&6
&21&/86,216$1'287/22.
,QWKH/RZ&DUERQ)XWXUH&LWLHVVWXG\LPSRUWDQWVWHSVZHUHWDNHQWRJDLQUHOLDEOH
LQIRUPDWLRQRQWKHFXUUHQWVLWXDWLRQDQGSRVVLEOHIXWXUHGHYHORSPHQWLQ:X[LZLWKUHJDUG
WRLWVVXVWDLQDELOLW\7KHSLFWXUHJDLQHGIURPWKHWKH*+*LQYHQWRU\DQGVFHQDULRDQDO\VLV
LVLPSUHVVLYHDQGOHDGVWRWKHFRQFOXVLRQWKDWHQRUPRXVHIIRUWVRQGLIIHUHQWOHYHOVZLOO
EHQHFHVVDU\WRGULYH:X[LWRZDUGVDORZFDUERQSDWKLQWKHIXWXUH
/RRNLQJDWWKHSHUFDSLWDHPLVVLRQVLQ:X[LFXUUHQWOHYHOVDUHDOUHDG\KLJKDWDURXQG
 WRQQHV &2 SHU FDSLWD  SHUPDQHQW SRSXODWLRQ DFFRUGLQJ WR FHQVXV GDWD
FRPSDUHG WR:HVWHUQ (XURSHDQ FLWLHV VXFK DV 'VVHOGRUI RU /RQGRQ DW OHVV WKDQ 
WRQQHV&2SHUFDSLWD>@$OWKRXJK:X[LKDVVHWUHGXFWLRQWDUJHWVDQGGHYHORSHGDORZ
FDUERQSODQWKHSURMHFWHGUHVXOWVEDVHGRQWKHFXUUHQWSROLFLHV&36VKRZWKDWZLWKRXW
PRUHDPELWLRXVHIIRUWVWKHWRWDOHPLVVLRQVZRXOGLQFUHDVHWRWRQQHV&2SHUFDSLWD
E\+RZHYHULIWKH(/&6SDWKZD\ZDVWREHDGRSWHGWKHVH&2HPLVVLRQOHYHOV
FRXOGEHUHGXFHGWRWRQQHVSHUFDSLWDE\KDOIRIWKHFXUUHQWOHYHOV7KLVOHYHO
LVKRZHYHUVWLOOYHU\KLJKGHVSLWHWKHDOUHDG\VXSSRUWLYHFXUUHQWSROLFLHVDQGDGGLWLRQDO
VLJQLILFDQW WHFKQRORJ\ LPSURYHPHQWV LQ WKH(/&6 VFHQDULR HYHQ WDNLQJ LQWR DFFRXQW
³KLJKKDQJLQJIUXLW´WHFKQRORJLHVFRVWO\DQG\HWWREHGHYHORSHG+RZHYHULWLVZRUWK
QRWLQJWKDW:X[LKDVDQGLVH[SHFWHGWRFRQWLQXHWRKDYHDQLPSRUWDQWUROHLQ&KLQD¶V
HFRQRP\SURGXFLQJDQXPEHURIHQHUJ\LQWHQVLYHJRRGVIRUWKHUHJLRQDOQDWLRQDODQG
LQWHUQDWLRQDOPDUNHWV
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,IZH WDNH WKH(/&6DVVXPSWLRQV IRU:X[LDVDEHQFKPDUNIRU&KLQD&KLQDZLOO
UHDFKDQHPLVVLRQOHYHORIWRQQHVSHUFDSLWDZKLFKLVVWLOODERYHWKHOHYHOQHFHVVDU\WR
FRPSO\ ZLWK WKH  GHJUHH WDUJHW IROORZLQJ H[SHUW DQDO\VHV 7KH *HUPDQ $GYLVRU\
&RXQFLO RQ*OREDO&KDQJH >@ DVVHUWV WKDW LQGXVWULDO DQG HPHUJLQJ FRXQWULHV VKRXOG
DFKLHYHDERXWRQHWRQQHRI&2SHUFDSLWDE\7RUHGXFH&2HPLVVLRQVIXUWKHU
RWKHUPLWLJDWLRQPHDVXUHV VKRXOG EH FRQVLGHUHG IRU H[DPSOHPRGDO VKLIW IRU IUHLJKW
WUDQVSRUWWKDWZDVQRWFRQVLGHUHGLQWKHVFHQDULR)XUWKHU&2HPLVVLRQUHGXFWLRQVZLOO
UHTXLUHDQRYHUDOOUHGXFWLRQLQUHVRXUFHXVHVXFKDVVWHHODQGFHPHQW
'HVSLWHVRPHOLPLWDWLRQVRIWKHLQYHQWRU\DQGVFHQDULRUHVXOWVSUHVHQWHGGXHWRGDWD
UHVWULFWLRQV ODFN RI GHWDLOHG GDWD LQ FHUWDLQ VHFWRUV DQG XQFHUWDLQWLHV LQ WKH VFHQDULR
DVVXPSWLRQV WKH UHVXOWV FDQ EH UHJDUGHG DV D JRRG EDVLV IRU WKH GHYHORSPHQW RI D
URDGPDSWRZDUGVDORZFDUERQFLW\VWUDWHJ\IRU:X[L
,QWKHDQDO\VLVRIWKHFXUUHQWDQGIXWXUH*+*HPLVVLRQVRI:X[LLWEHFDPHREYLRXV
WKDWVXFKLQIRUPDWLRQLVLPSRUWDQWWRXQGHUVWDQGWKHLPSDFWVRIHQHUJ\DQGUHVRXUFHXVH
LQGLIIHUHQWVHFWRUVDVZHOODVWKHXQGHUO\LQJDQGIXWXUHGULYHUV+RZHYHUWKHVHW\SHVRI
VWDQGDORQHVWXGLHVDQGDQDO\VHVKDYHOLPLWDWLRQVDUHWLPHFRQVXPLQJDQGFDQRQO\EH
UHJDUGHG DV WKH ILUVW VWHSV 5HJXODU PRQLWRULQJ RI FXUUHQW SHUIRUPDQFH LV FUXFLDO WR
PHDVXUHWKHLPSDFWVRIWKHLPSOHPHQWHGPHDVXUHVDQGWRLGHQWLI\SRVVLEOHQHZKRWVSRWV
$VXUEDQJURZWKLVH[SHFWHGWREHWKHKLJKHVWLQ³PHGLXPVL]HG´FLWLHVDQGQRWLQWKH
PHWURSROLVHVZKLFKDUHIUHTXHQWO\DQDO\VHG>@WKLVVWXG\FDQDOVRVHUYHDVDQH[DPSOH
DQGEDVLVIRUGLVFXVVLRQIRURWKHULQGXVWULDOFLWLHVLQ&KLQDRIVLPLODUVL]HDQGZLWKVLPLODU
FRQGLWLRQV$VVWDWHGLQWKLVSDSHUWKHLPSOHPHQWDWLRQRIFRPSDUDWLYHWRROVDWFLW\OHYHO
DQGUHJXODUDFFRXQWLQJDUHDOVRLPSHUDWLYH,QDGGLWLRQWRWKHWHUULWRULDOO\SURGXFHG*+*
HPLVVLRQVZKLFKDUHRIWHQLQWKHIRFXVRIJOREDOSROLWLFDOGLVFXVVLRQVRWKHUDVSHFWVDQG
LPSDFWVDUHDOVRFUXFLDODQGQHHGWREHFRQVLGHUHGZKHQDLPLQJIRUVXVWDLQDELOLW\7KLV
LQFOXGHVQRWRQO\ORFDODFWLYLWLHVEXWDOVRWKHH[WHUQDOLPSDFWRIUHVRXUFHVXVHGE\WKH
FLW\RI:X[LDQGWKHFLW\¶VYXOQHUDELOLW\WRFOLPDWHFKDQJH%RWKWKHVHGLPHQVLRQVDUH
FRQVLGHUHGLQWKH/&)&VWXG\DQGDUHGHWDLOHGLQWKHVSHFLILFEDFNJURXQGSDSHUV>@
2YHUDOO LW LV FOHDU IURP WKH PRGHOOLQJ WKDW LW ZRXOG EH GLIILFXOW WR LQLWLDWH DQG
LPSOHPHQW D FDUERQ QHXWUDO VWUDWHJ\ DW ORFDO OHYHO LQ LVRODWLRQ:X[L LV DQ LQGXVWULDO
&KLQHVHFLW\WKDWLVH[SRUWRULHQWHGDQGDQVZHULQJWKHJOREDOGHPDQGIRUSURGXFWV7KH
GRPLQDQWHQHUJ\DQGHPLVVLRQVRXUFHLQ&KLQDLVFRDODQGRQHFLW\DORQHFDQQRWHDVLO\
UHGXFHRU HYHQVWHSRXWRI LWVXVH+RZHYHU WKLV LVQRWDSUREOHPXQLTXH WR:X[LRU
&KLQD $ FRPSUHKHQVLYH UHWKLQN DW JOREDO OHYHO RQ KRZ WR LQFUHDVH HIILFLHQF\ DQG
VXVWDLQDELOLW\LVUHTXLUHG&KLQDDQGLWVFLWLHVVXFKDV:X[LKDYHDQLPSRUWDQWUROHWR
SOD\DQGFDQJHQHUDWHDUHPDUNDEOHLPSDFWKRZHYHUORQJVWDQGLQJLQGXVWULDOFRXQWULHVLQ
(XURSHDQG1RUWK$PHULFDQHHGWRWDNHWKHOHDGLQJUROHLQWKLVJOREDOSURFHVV
$&.12:/('*(0(176
7KH SURMHFW FRQVRUWLXP FRQVLVWV RI ILYH &KLQHVH DQG WZR *HUPDQ SDUWQHU
RUJDQL]DWLRQVDQGFRRSHUDWHVFORVHO\ZLWKWKHFLW\JRYHUQPHQWVRIWKHWZRUHJLRQV:X[L
DQG'VVHOGRUI7KHVWXG\LVVXSSRUWHGE\WKH*HUPDQRUJDQL]DWLRQ6WLIWXQJ0HUFDWRU
7KH DXWKRUVZRXOG OLNH WR WKDQN$QGUHDV2EHUKHLWPDQQ IURP&KLQD (QYLURQPHQW
5HVHDUFK&(5DVZHOODV:DQJ+DRSLQJDQG:DQJ&DQIURPWKH5HVHDUFK&HQWUHIRU
,QWHUQDWLRQDO (QYLURQPHQWDO 3ROLF\ 5&,(3 DW 7VLQJKXD 8QLYHUVLW\ IRU WKHLU
FRRSHUDWLRQ DQG FRQWULEXWLRQV WR WKH SURMHFW 6SHFLDO WKDQNV JRHV WR RXU FROOHDJXH
0DWKLHX6DXUDWZKRZDVUHVSRQVLEOHIRUWKHPDWHULDOXVHPRGHOVDQGDOORXUFROOHDJXHV
IURPWKH:XSSHUWDO,QVWLWXWHZKRKDYHEHHQLQYROYHGZLWKWKHSURMHFW:HDOVRZRXOG
OLNHWRWKDQNRXURWKHUFROOHDJXHVLQWKHFRQVRUWLXPIRUWKHLUSURGXFWLYHFRRSHUDWLRQDQG
KHOSIXO LQIRUPDWLRQ 6XL <LQJ\LQJ DQG RWKHUV IURP WKH :X[L /RZ &DUERQ &HQWHU
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